INTRODUCTION
============

Lower extremity peripheral artery disease (PAD) is common, affecting 12% to 29% of the elderly^[@R1]^ and as many as 8 million Americans^[@R2]^ and approximately 11% of the French population older than 40 years.^[@R3]^ PAD includes disorders that affect the leg arteries and is associated with functional impairment that adversely impacts on the quality of life.^[@R4],[@R5]^ PAD is due to different physiopathologic processes that contribute to the development of stenosis of the leg arterial circulation. The most common cause of PAD is atherosclerosis.^[@R4]^ Intermittent claudication has been considered as the most classic symptom of PAD. However, contemporary studies showed that 20% to 50% of PAD patients are asymptomatic.^[@R6]^ Ankle brachial index at rest (ABI), the ratio of the systolic blood pressure measured at the ankle to the systolic blood pressure measured at the brachial artery,^[@R7],[@R8]^ is the main clinical means to diagnose the presence and severity of PAD. It also serves as a marker of cardiovascular risk and atherosclerosis.^[@R9],[@R10]^

PAD is diagnosed when the ABI at rest (resting-ABI) is equal to or lower than 0.90.^[@R4],[@R9]^ However, when there is a high clinical suspicion of PAD a resting-ABI above 0.90 may not be reassuring. In these cases, the recent American Heart Association (AHA) scientific position paper has stated that when the resting-ABI is \>0.90 but there is clinical suspicion of PAD, postexercise ABI or other noninvasive tests, which may include imaging, should be used (Class I; Level of Evidence A).^[@R11]--[@R14]^ There is a further recommendation that a postexercise ankle pressure decrease from resting value of \>30 mm Hg or a postexercise ABI decrease of \>20% from the resting values are diagnostic criteria for PAD (Class IIa; Level of Evidence A).^[@R11],[@R13],[@R15]^

Surprisingly, although 2 postexercise criteria are suggested in the guidelines, no study has shown that the same group of patients is identified with each. If both postexercise criteria detect the same population then physicians and laboratories could choose either as preferred. However, if the criteria do not identify the same population, a patient considered to have PAD in 1 laboratory could be classified as normal in another. The aim of this study was to analyze patients referred to our vascular laboratory for exercise evaluation of suspected PAD using both criteria recommended by the position paper.^[@R9]^

MATERIALS AND METHODS
=====================

Studied Population
------------------

Between 1996 and 2012, 31,663 consecutive patients were referred for arterial lower extremity arterial testing. In our hospital as a preset protocol, all patients who were addressed for arterial lower extremity study and who can walk have a treadmill test. We excluded patients who did not accept participation in research; did not have treadmill exercise test; were aged \< 18 years old at the time of the arterial assessment. Patients' characteristics such as age and gender were collected. The Mayo Clinic Institutional Review Board approved the study.

ABI and Ankle Pressure Decrease Measurements
--------------------------------------------

All included patients had pressure measurements at rest to calculate resting-ABI and after exercise to calculate postexercise ABI and postexercise ankle pressure decrease.

Resting-ABI
-----------

Patients were relaxed, head and heels supported, in a room with comfortable temperature (approximately 22°C). After a 10-minute supine rest period, a trained technician used a hand-held Doppler probe with a pressure cuff (with an appropriate size) to obtain systolic pressures in the right and left brachial, posterior tibial, and dorsalis pedis arteries. The resting-ABI was calculated by dividing the highest pressure of the limb (dorsalis pedis or posterior tibial pressures) by the highest arm pressure as recommended.^[@R9]^ For each limb we studied the highest resting-ABI, and for each patient the lowest ABI of limbs was used to classify patients as to presence or absence of PAD.PAD: resting-ABI ≤ 0.90.Borderline: 0.90 \< resting-ABI ≤ 1.00.Normal: 1.00 \< resting-ABI \< 1.40.Noncompressible: resting-ABI ≥ 1.40.

We defined patients to be of potential benefit from treadmill test when the resting-ABI \> 0.90.

Treadmill Tests
---------------

Different treadmill test protocols with continuous electrocardiographic monitoring were used depending upon the patient ability to walk. Walking speed ranged from 0.8 to 2 mph (most typically 1.0, 1.5, or 2.0 mph). The grade (incline) for all tests was 10%.^[@R16]^ The maximal duration for treadmill test was 5 minutes, which corresponds to a maximal walking distance of 259 m.

Postexercise ABI and Postexercise Ankle Pressure Decrease
---------------------------------------------------------

Patients walked on the treadmill until the protocol was completed or stopped due to symptoms. Immediately (approximately within 1 minute) after the end of exercise the patient was placed on the bed in a supine position and the 1 technician remeasured systolic pressures of the highest of the resting brachial arteries while another technician simultaneously measured the leg arterial pressures. Resting-ABI, postexercise ABI were assessed on the same artery to calculate the postexercise ABI decrease. Postexercise ankle pressure decrease was calculated using the pressure used at rest to define the resting-ABI and on the same artery for the measurement of the postexercise ankle pressure. When the Doppler signal was absent postexercise, a systolic pressure of 0 mm Hg was recorded as the postexercise ankle pressure and used to calculate the postexercise ABI.

Two types of postexercise PAD were defined depending upon the criterion used.^[@R9]^ Pos-PAD~(20%)~ was defined as a postexercise ABI decrease \> 20%, while Neg-PAD~(20%)~ was defined as a postexercise ABI decrease ≤ 20%. Pos-PAD~(30 mm\ Hg)~ was defined as a postexercise ankle pressure decrease \> 30 mm Hg following exercise, while Neg-PAD~(30 mm\ Hg)~ was defined as a postexercise ankle pressure decrease ≤ 30 mm Hg (see Table [1](#T1){ref-type="table"}).
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Statistical Analysis
--------------------

Results were expressed as the mean ± SD. To compare proportion of postexercise PAD diagnosis according to resting-ABI categories, we used the McNemar test. As proposed by de Vet et al, an analysis of agreement between the 2 postexercise criteria was conducted expressing the agreement separately for the positive and the negative ratings.^[@R17]^ The positive agreement and negative agreement were calculated according to the literature.^[@R18]^ Statistical analyses were performed using MedCalc for Windows, version 12.5 (MedCalc Software, Ostend, Belgium). For all statistical tests, a 2-tailed probability level of *P* \< 0.05 was used to indicate statistical significance.

RESULTS
=======

Among the 31,663 patients screened, 12,312 patients were studied according to inclusion and exclusion criteria (Figure [1](#F1){ref-type="fig"}). Among the studied population, the average age was 67 ± 12 years and 7518 (61%) were men. Average resting highest systolic arm pressure was 136 ± 20 mm Hg. Five thousand one hundred ninety-eight (42%) patients had a resting highest arm pressure ≥ 140 mm Hg. A resting arm pressure difference ≥ 15 mm Hg between right and left arms was found in 518 patients (4%). According to the guidelines, 4317 (35%) patients had PAD, 1554 (13%) were "borderline," 162 (1%) had noncompressible arteries, and 6279 (51%) were normal. Numbers of treadmill tests with walking speed at between 0.8 and 1.0, between 1.1 and 1.5, and between 1.6 and 2.0 mph were 3440 (28%), 3728 (30%), and 5144 (42%), respectively. Average postexercise systolic arm pressure was 166 ± 27 mm Hg. Table [2](#T2){ref-type="table"} shows the number of patients classified as patients having PAD according to the postexercise criteria proposed by the AHA statement. In the whole population (n = 12,312), 79% of patients (n = 9739) are classified in the same group by either criterion. Twenty-one percent (n = 2573) were mismatched (ie, positive by 1 criterion and negative by the other; Figure [2](#F2){ref-type="fig"}). Among the population without patients with noncompressible arteries (ie, patients with resting-ABI ≤ 1.40) (n = 12,150), 2531 patients (21%) presented a mismatch. In the whole population (n = 12,312), agreements between both postexercise criteria are presented in Table [3](#T3){ref-type="table"}. Positive agreement and negative agreement were 74.3% and 82.4%, respectively.

FIGURE 1Flow diagram of the patients in this analysis.

###### 

Classification of Patients According to Their Postexercise Results and Resting-ABI

![](medi-94-e1277-g003)

FIGURE 2Repartition of the patients according to postexercise results in the whole population (n = 12,312) (Panel A) and in the population with resting-ABI \> to 0.90 with need for exercise (n = 7995) (Panel B). PAD means lower extremity peripheral artery disease. ABI means ankle-brachial index. Resting-ABI: ankle brachial index measured at rest; Pos-PAD~(20%)~ was defined as a postexercise ABI decrease \> 20%; Neg-PAD~(20%)~ was defined as a postexercise ABI decrease ≤ 20%; Pos-PAD~(30 mm\ Hg)~ was defined as a postexercise ankle pressure decrease \> 30 mm Hg; Neg-PAD~(30 mm\ Hg)~ was defined as a postexercise ankle pressure decrease ≤ 30 mm Hg.
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In the group defined as having the most potential benefit from treadmill testing (ie, resting-ABI \> 0.90), there were 7995 patients (mean age 65 ± 13 years, 4707 men (59%)). In this group, 19% of patients (n = 1536) presented with a mismatch. In this group, agreements between both postexercise criteria are presented in Table [3](#T3){ref-type="table"}. Positive agreement and negative agreement were 58.4% and 87.5%, respectively. Finally, the percentage of mismatch was 19% (n = 1494) in this group of patients without noncompressible patients (ie, patients with 0.90 \< resting-ABI \< 1.40) (n = 7833) who can be considered to have a treadmill test.

The same proportion of mismatch was found whatever the walking speed used on the treadmill. The mismatches were 21.57%, 21.97%, 19.67% for treadmill speeds from 0.8 to 1.0 mph, from 1.1 to 1.5 mph, and from 1.6 to 2.0 mph.

DISCUSSION
==========

This analysis, in a very large population, demonstrates 2 major findings. First, in patients with a borderline or normal ABI at rest, the postexercise ABI was abnormal in one-third of patients by one or both criteria. This underscores the importance of exercise testing or other imaging in patients with claudication symptoms as recommended by the AHA statement.^[@R9]^

Second, the 2 criteria proposed by the AHA task force result in discrepant results or a "mismatch." In the whole population, if a clinician diagnoses "PAD" with 1 postexercise criterion, the probability that other clinicians would also diagnose "PAD" is 74.3% whereas if a clinician diagnoses "no PAD," the probability that other clinicians would also diagnose "no PAD" is 82.4%. In the patients to be of potential benefit from treadmill test when the resting-ABI \> 0.90, if a clinician diagnoses "PAD" with 1 postexercise criterion, the probability that other clinicians would also diagnose "PAD" is only 58.4% whereas If a clinician diagnoses "no PAD," the probability that other clinicians would also diagnose "no PAD" is 87.5%. Indeed, even patients with PAD according to resting-ABI criteria (≤0.90) can be classified as negative PAD patient after exercise when criteria proposed by the scientific paper statement are used.^[@R9]^

This study demonstrates an inconsistency between 2 "standard" postexercise criteria for identifying patients with PAD. The same patient will be classified as having PAD using 1 criterion while being classified as negative using the other. Approximately 1 in 5 patients were classified differently by the 2 criteria. Regardless of the resting-ABI, a decrease in postexercise ABI of 20% was more often positive than a fall in postexercise ankle pressure of 30 mm Hg.

If we focus on the group most likely, and indeed expected to have a positive exercise study (resting-ABI ≤ 0.90) the discovery that some of these patients will have normal postexercise results is quite puzzling. Indeed, among resting PAD patients only 62% of patients had a decrease of ankle pressure \>30 mm Hg and 85% of patients had a decrease of postexercise ABI \> 20%. We expected that all of these patients would have abnormal postexercise results because, from a pathophysiologic perspective, PAD symptoms are due to a deficit in arterial blood supply to meet increase demand during exercise. Abnormal results found at rest would have been amplified by the exercise in our patients who were able to walk. These discrepancies might come from the fact that a resting-ABI, which is performed at rest, is used to define the disease whereas the mismatch between blood supplies and demands mainly appears during exercise. In this case some patients who are considered to have PAD using resting-ABI could be false positive patients even if their cardiovascular risk is increased.^[@R10]^ A second possibility is that we did not record the resting and postexercise values correctly. This latter point is unlikely in that the protocol followed has not changed and was in place well before any guidelines or recommendation statements.^[@R7]^ More importantly, we have a small and highly trained group of technicians with an average longevity in the laboratory of over a decade. Technician to technician quality assessment have been performed annually for almost 20 years and a culture of confirmation on difficult studies has been routine. The third possibility is that the postexercise criteria used are not adequate. This merits further discussion.

The postexercise ankle pressure cut-off of \>30 mm Hg was initially proposed by Laing and Greenhalgh in 1983^[@R13]^ and used recently by Hoogeveen et al^[@R15]^ Laing et al decided to use this cut-off because they showed that ankle pressure change in 67 healthy subjects (age range 20--34 years old) following exercise (4 km/hour, 10% slope for 1 minute) ranged from −27 to +35 mm Hg, 95% of the postexercise results were between −25 and +22 mm Hg, and thus a cut-off value of greater than −30 mm Hg would seem reasonable. However, the use of these young control subjects to define normal response is questionable because the prevalence of PAD increases with age and becomes higher than 5% after 60 years old.^[@R19]^ Furthermore, ageing induces changes in the arterial wall^[@R20]^ and this can modify the pressure and the ABI.^[@R21]^ Ideally, healthy control subjects should be age matched. Moreover, the 1-minute duration of exercise used by Laing et al is markedly different than current protocols in most laboratories, and extrapolation to a 5-minute walk is difficult.

The second cut-off (postexercise ABI decrease \>20%) suggested by the AHA position paper is based on Ouriel et al^[@R9],[@R11]^ This paper must also be looked at critically.^[@R9]^ In figure 4 of the Ouriel et al it appears that the percentage of postexercise ABI fall was nearly 7 ± 7% in control limbs versus approximately 40 ± 25% in PAD patients. The position paper identifies the postexercise decrease in ABI at 20% instead of 40%, which is certainly a less stringent criterion for the diagnosis of PAD. Ouriel et al used a treadmill protocol with 1.5 mph and 7% grade.^[@R11]^ If we used the criterion from Ouriel and studied the mismatch between both criteria, 1034 (8%) patients were mismatched in the whole population (data not shown) which is less than using the \>20% criterion but which is not entirely satisfactory. If we only considered patients who need to have a treadmill test, 488 (6%) patients were mismatched (data not shown). Further, Ouriel et al used arteriograms of the limbs as gold standard and receiver operating characteristics (ROC) curves to study the sensitivity and specificity of resting-ABI and post treadmill exercise ABI.^[@R11]^ They found that resting-ABI and posttreadmill exercise ABI were equivalent in defining normal and arteriographically diseased extremities.^[@R11]^ Of interest, there was no quantification of stenosis on arteriograms. Although studies of Laing et al and Ouriel et al are of interest,^[@R11],[@R13]^ they have the previously mentioned biases. Therefore can we keep their results to define postexercise criteria to define PAD in a position paper? Probably not. The AHA position paper is an excellent reference for the use of resting ABI in clinical practice. However, our results and the analysis of the literature used to define postexercise criteria bring into question which postexercise criteria should be routinely used in clinical decision making.

Last point, we found that the proportion of discordant results using the postexercise AHA guidelines is nearly the same whatever the walking speed protocol used. This corroborates the results of previous studies that postexercise ABI is not modified by the workload but the recovery time is.^[@R22],[@R23]^

LIMITATIONS
===========

Our study has some limitations. We did not record the demographics of the patients but in this study each patient was its own control since the rest and postexercise measurements were obtained in each patient. We cannot exclude that some risk factors could modify these discrepancies between postexercise criteria. However, we would like to underscore that our aim was to determine whether or not discrepancies exist in a "real life" population addressed for a suspected PAD and not to determine which factors can modify or not the discrepancies. The impact of such risk factors deserves additional study. Our study has the advantage to include consecutive patients and represent the real life when clinicians do not always know which risk factors the patient has. Furthermore we did not give any instructions (ie, abstained from smoking) before arm and leg pressures measurements.^[@R9]^ However, this study was done in clinical routine and therefore represents what we are expected to find in clinical practice. The fact that each patient was its own control also minimizes the effect of potential inappropriate conditions before the measurements. Finally, we did not have any gold standard (angiograms) to study which postcriterion was the most accurate to diagnose PAD after exercise. However, the aim of this study was not to define new criterion but to study the concordance or discordance of the postexercise criteria suggested by the AHA. The results of our study demonstrate that postexercise criteria that can be used to define PAD deserve additional study.

In conclusion, postexercise criteria suggested by the position paper do not identify the same group of patients (ie, nearly 1 in 5 patients has discordant results). However, after critical analysis of the papers used to define these criteria, we think that new postexercise criteria should be developed and validated.

Abbreviations: ABI = ankle brachial index, AHA = American Heart Association, Pos-PAD~(20%)~ = was defined as a postexercise ABI decrease \> 20%, Neg-PAD~(20%)~ = was defined as a postexercise ABI decrease ≤ 20%, Pos-PAD~(30 mm\ Hg)~ = was defined as a postexercise ankle pressure decrease \> 30 mm Hg following exercise, Neg-PAD~(30 mm\ Hg)~ = was defined as a postexercise ankle pressure decrease ≤ 30 mm Hg, PAD = lower extremity peripheral artery disease, resting-ABI = ankle brachial index measured at rest.
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